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MINIMUM PRESSURES RECTANGULAR BENDS 


McPherson,! A.M. ASCE 
and 
Strausser,2 J.M. ASCE 


INTRODUCTION 


The accurate prediction minimum pressures which occur bends has 
been source confusion for some time. longer questionable that 
these minimum pressures can, under the proper conditions, become low 
enough cause cavitation. The purpose this paper suggest basis 
for predetermining the magnitude pressures associated with cavitation 
bend rectangular cross-section. The authors have mind the design 
large bends which are frequently part dam outlet structures, siphons and 
other large conduit bends, particularly those with limited small “back 

The mechanics flow through bends have been explained quite thoroughly; 
however, practical methods for the realistic application this mechanics 
have been only sparsely This paper modified digest one 
phase unpublished thesis, 1)3 which included study circular bends; 
the material circular bends has recently been expanded. (2) 

Various observers have proposed the idea that closed bends, the velocity 
distribution should and near-potential with constant. The reader 
referred Figure for definitions terms used herein. Pfarr(3) was the 
first suggest that the centerline the bend and the center streamline, along 
which the tangential velocity equal the average velocity, are not coinci- 
dent for potential flow. With potential flow and 


For the radius, rm, where one would expect find the average velocity, 


Experimental confirmation these ideas was first carried and 
later tests closed spillway models Shukry, Davies and and 


Associate Prof. Civ. Eng., Lehigh Univ., Bethlehem, Pa. 

Asst. Prof. Mechanics, Lehigh Univ., Bethlehem, Pa. 

Numerals parentheses thus: (1), refer corresponding items the list 
references (see appendix). 


Gibson, Asprey and Tattersall, (7) for example, indicated pressure and/or 
velocity distributions approximating those for potential irrotational motion. 
(Practically all model studies reported have been performed rectangular 


Position and Correlation Maximum hj) 

From available evidence, the proper location taps for the determination 
maximum should the mid-height (b/2) the side walls. For 
example, Lell’s experiments, taps were evenly spaced from top bot- 
tom the inside and outside walls. His measurements showed the maximum 
and minimum piezometric head mid-height. This consistent with 
the concept secondary motion bend. 

Present data from Lell, Yarnell and Woodward, (8) and two 
model studies Lehigh University indicate that the maximum piezometric 
differential occurs near the 45° 90° 180° bends. 
This not infer that the maximum hj) necessarily found the 
same cross-section the minimum peizometric head the inside the 
bend. However, the points where the maximum hj) and the minimum 
piezometric head occur are not far apart spatially. 

useful term suggested the “Bend Coefficient,” de- 


tion (1) yields 


which can also expressed 


16x 


Cy = . (2) 


show that the maximum value for actual flow related 
the piezometric head distribution for potential motion, plot (data) 
versus R/c shown Fig. 2., well plot Equation (2). The 
hy) selected from the data for use this plot that occurring 45°, 
regardless the value since this differential included, general, the 
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maximum value hj) well the smallest value the case 
Lell’s data, where 45° taps were lacking, the value shown was obtained from 
plots comprehensive head distribution data. 

similar plot taken from data shown separately Fig. 
Because the small internal dimensions his bends mm. mm.), 
plus the fact that the test bends were preceded almost immediately grad- 
ual contraction, eccentric the bend, very close agreement with the theoreti- 
cal cannot expected. presented here for whatever value might 
The data for Fig. are listed tabular form Table and data for 
Fig. are shown Table 

Equation (2) closely approximates the data points plotted Fig. These 
points are all for 45° station, the approximate location the maximum 
piezometric head differential and the smallest magnitude Thus, (min.) 
has been shown closely associated with potential flow piezometric head 
distribution, through the use Equation (2). shown, the numerical 
relation Equation (2) the magnitude 


Measurement “Mean” Piezometric Head 

reiterate, potential flow, constant, then the constant, can 
Therefore, terms Equations (1) and (2), 


previously mentioned, the theoretical radius which the tangential 
velocity equal the average velocity the approach conduit. This radius 
less than the centerline radius and function the bend geometry. 

the case the Waynesboro bend, the mean radius 0.968 and for 
Lell 0.911 therefore, the use centerline taps measure the 
“mean” piezometric head for these given cross-sections should not in- 
troduce grievous error. For convenience and other reasons shown 
later, the use taps along the centerline advantageous. (In model study, 
limitations time and funds may restrict the number points measure- 
ment). 


The Energy the Bend 
order compare the piezometric head with that the centerline, 
Fig. has been prepared from one Lell’s experiments (interpolated 
from his data for both radii with good accuracy). Figure has been plotted 
using Waynesboro data; however, piezometer taps were located only along the 


From his plots Fig. 34, page and Diagram 52, page where 


(Claims data not consistent for less than 3.0). 
has significance except the cross-section where the maximum 

hy) occurs, since must approach magnitude towards the en- 
trance and exit tangents the bend. 
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centerline each the four sides. (In Fig. the radius was applied 
from P.C. P.T. for comparison.) 

Note that there appears restoration energy prior the mid- 
section the bends, which quite typical. The calculated, potential flow 
values maximum and minimum velocity heads have been added the 
figures 45°, plotted from the total energy represented the sum the 
average velocity head and the centerline piezometric head. very close 
balance values obtained for both and (max.). Somewhat sur- 
prising the fact that plotting from the “mean” energy line would yield 
greater difference, error, Fig. 

The usual approach drawing piezometric head line for bend 
draw straight line between the P.C. and P.T., the slope being fixed the 
bend loss appears that such procedure would result large 
error some cases. Unfortunately there way predict the value 
the centerline piezometric head, except empirical basis. 


Physical Applications 

the following method, designer may predict with reasonable certainty 
whether cavitation might occur selected bend. First, the slope the 
piezometric head line for the and exit conduits should determined, 
and the total energy line plotted above it. Extend the energy line the 
entrance conduit the 45° position the bend, and connect with the back- 
ward extension the energy line the exit conduit the P.T. the bend. 
This process illustrated Figs. and (broken line), and can seen, 
closely approximates the average total energy. The value can con- 
veniently determined from Equation (3), From the value and can 
also calculated. plotting distances equal and below the 
synthetic total energy line, shown Figs. and approximate values 
piezometric head (maximum the outside and minimum the inside) for 
the inner and outer radii the bend can found. 

This approach should useful correlating the piezometric heads ob- 
served tests those which can expected the prototype, par- 
ticularly since convenient and customa.’y use taps located the 
radius Correlation should good for higher values the ratio 
Unfortunately, there known complete data available for values 
less than the 0.911 used 

many instances, probable low pressures can safely avoided utilizing 
sufficiently large radii curvature. 

The effect velocity distribution upstream from given rectangular bend, 
the effect bend losses and more limited presentation pressure distribu- 
tion circular bends may found Reference (1). 

interesting note passing that the station which the maximum 
hy) with circular bends appears 22.5°, for 45°, 90° and 
180° observation has recently been reasonably verified for 
90° circular correlation with potential flow was also obtained. 

the light the experience with circular bends, together with the obser- 
vation near-potential flow model studies with 45° 135° rectangular 
bends several experimenters, the utilization the techniques presented 
here can probably applied with good accuracy bends 45° 180°. 

The data from which Table was obtained include wide range veloci- 
ties. There was evidence noted any viscous effects for any the data. 
Reynolds numbers for prototype structures would normally larger. 


Cavitation Tests 

Apparently the vapor pressure has not been reached reported model 
tests bends. The foregoing presentation can adapted anticipatory 
evaluation critical cavitation conditions. useful index for the cavitation 
phenomenon called the cavitation number.”: 


which the piezometric head upstream station uniform flow (or, 
could possibly used), the minimum piezometric head including the 
vapor pressure and the average velocity the reference station where 
measured. 
For irrotational flow, 


and from Equation (3), 


from which 


Cs 4 | 


Combinations and which will provide theoretical cavitation conditions 
can easily computed from the above, but allowance has been made for 
loss term between the reference station and the inside the bend. The fol- 
lowing table has been made using Equation (4): 


2.32 
0.70 
0.52 


SUMMARY AND CONCLUSIONS 
The results obtained this study lead the following conclusions with re- 
gard hydraulic bends rectangular cross-section: 


Measured pressures are closely related potential flow piezometric 
head distribution. 
The maximum differential piezometric head across the bend can 
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expressed terms potential flow relationships and the geometry 

the 

The point minimum piezometric head associated with the location 

the maximum differential piezometric head, occurring about 45° 

for 90° and 180° bends. This should true for any angle between 90° 
and 180° and probably applies angles slightly less than 90°. 

The total energy the 45° station for 90° and 180° bends with 
0.9 apparently found the radius and not I'm, using the kinetic 
energy represented the average velocity the flow section. 

technique for predicting the mean piezometric head the 45° station 
has been advanced. Using this head, the probable minimum piezometric 
head can computed. 

The material presented can advantageously employed determining 
sufficiently large radius curvature avoid cavitation. The evidence 
submitted should value analyzing the results model tests, 
provided that piezometric head measurements the mid-height the 
inside and outside walls are included, particularly the vicinity the 
45° cross-section the bend. 

viscous effects were noted any the data studied. The effect 
viscosity would even less full-scale dam outlets, siphons outlet 

conduit bends. 


w 
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Table 


90° Rectangular Bends Data from Nippert 
(By scaling plots various functions presented) 


Half- Width 
thickness, 


ee 


e*ees e*eee 


be 


Bend 
22.5 
1.13 
5.0 
57.5 0.55 
25.0 
1.68 
2.5 
1.99 
150 
210 0.55 
1.76 
0.75 
36.0 0.53 
150 0.93 


Section 


Figure 
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TYPICAL BEND SECTION 


RECTANGULAR BENDS 
vs. 


for 45° 


SILBERMAN 90° 
WAT TENDORF 300° 


90° 
WAYNESBORO 90° 
180° 


Figure 
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RECTANGULAR BENDS 
vs. 
Nippert- 90° 
for 45° 


60x25 
60x8 
Figure 


Head 


RECTANGULAR BEND LELL 
180° 


from typical data for V=9 m/sec. 
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2--— 
2——_ 
(—) 
Figure 


RECTANGULAR BEND WAYNESBORO 
90° 
Test V=9.93 


3.0 
v2 
bend 
8.4 in. 5.7 in. 
Figure 
747-14 


